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Introduction: Cryptosporidium is the causative agent of cryptosporidiosis. The disease is self-limited in 
immunocompetent persons but potentially life-threatening in immunocompromised individuals. 
Methods: The data included in the present review were obtained mainly from a Highwire Press (including 
PubMed) search for the period 2002-2011. 

Results: Information on cryptosporidiosis is lacking in some Arab countries; however available data show 
prevalence rates of <1^3% (mean =8.7%) of Cryptosporidium infection in diarrheic immunocompetent 
pediatrics and < 1-82% (mean 41%) in immunocompromised patients (including children and adults). 
Infection rate with Cryptosporidium species among pediatrics in rural and semiurban areas was higher than in 
urban areas. Cryptosporidium-associated diarrhea occurs mainly in younger children and inversely correlates 
with age, being more prevalent in children aged 1 year or less, particularly in rural and suburban regions. 
Although most Arab countries are characterized by a hot summer and a mild winter, infection with 
Cryptosporidium appears to occur at a higher rate of incidence during the rainy months that are usually 
associated with the cold season of the year. Contact with animals and contaminated waters are the main 
modes of transmission of Cryptosporidia. Reports of C. hominis from the region indicate that person-to- 
person transmission is also important. Foreign housekeepers in oil-rich countries may be a source of 
Cryp tosporidium . 

Conclusion: Cryptosporidium species, mainly C. parvum, are important causes of diarrhea in countries of the 
Arab world, particularly in children. In addition to educational programs that promote personal, household, 
as well as food hygiene, improving water treatment processes and protection of treated waters from 
contamination should be implemented by the health and environmental authorities in each country. More 
studies employing molecular testing methods are needed in the future to provide data on circulating species/ 
genospecies and subtypes and their modes of transmission in the community. 
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Cryptosporidium is the causative agent of 
cryptosporidiosis. The disease is self-limited in 
immunocompetent persons but potentially life- 
threatening in immunocompromised individuals (e.g. 
those with the acquired immunodeficiency syndrome 
[AIDS]). Cryptosporidium species are members of the 
family Cryptosporidiidae (1). There are more than 20 
species in the genus Cryptosporidium that have been 
described on the basis of the animal hosts from which 



they were isolated, parasite morphology, host predi- 
lection, and infection site (2). However, five species/ 
genotypes of Cryptosporidium are mostly associated 
with cryptosporidiosis cases in immunocompetent and 
immunocompromised individuals, including C. hominis, 
C. meleagridis, C. felis, C. canis, and C. parvum, with pre- 
dominance of the latter organism (3, 4). C hominis, 
as the species name indicates, infects mainly humans 
{Homo sapiens). 
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In some countries of the Arab world, Cryptosporidium 
species are shown to be an important cause of diarrhea in 
pediatrics and in immunocompromised patients (5-8). 
The aim of this minireview is to provide an overview, on 
the basis of data available in the Uterature between 2002 
and 2011, with respect to prevalence, clinical symptoms, 
sources of infection, and treatment and prevention of 
cryptosporidiosis in the Arab countries. 

The data included in the present review were ob- 
tained from a Highwire Press (including PubMed) 
search for the period 2002-2011 using the terms 
' Cryptosporidium +ncLme of Arab country (e.g. Libya, 
Egypt, etc.)', 'cryptosporidiosis + name of Arab country', 
and 'intestinal parasites + name of Arab country'. Sup- 
plementary data were also obtained from a Google 
search using the aforementioned terms. 

Although information on cryptosporidiosis is lacking 
in some Arab countries, available data show prevalence 
rates of <1^3% (mean =8.7%) of Cryptosporidium in- 
fection in diarrheic immunocompetent pediatrics (Sup- 
plemental table 1). Prevalence rates differ widely among 
countries and within the same country. For example, rates 
of 2% and 37% were reported from Jordan and 2% and 
13% from Libya (Supplemental table 1). This may be due 
to differences in the number of patients examined, type 
of populations studied (e.g. urban or rural), location, 
and year of study. There are no studies examining the 
prevalence of Cryptosporidia in adult populations. How- 
ever, a study from Jordan reported Cryptosporidium 
species in 8.3% (15/180) of patients with diarrhea aged 
12-84 years (mean =48 years) and from none (0.0%) of 
100 controls (8). 

Methods used in the detection of the organism may 
also play a role in the reported differences of prevalence 
rates. The majority of studies examined single stool 
samples from humans and animals. The reported pre- 
valence rates could have been higher if three specimens 
were examined as recommended (9). The use of mole- 
cular procedures may overcome this problem. Helmy 
et al. examined 50 single stool samples from patients 
with severe diarrhea (10). They detected Cryptosporidium 
in 22 (44%) samples by microscopy. When the same 
samples were examined by PCR using primers specific 
for DNA of C. parvum the organism was detected in 28 
(56%) samples. Their study concluded that microscopy 
exhibited 78.5% sensitivity and 100% specificity com- 
pared with 100% specificity and sensitivity with PCR. 

Most studies report the detection of the organism in 
diarrheic children but not in controls (8, 11, 12). However, 
Al-Braiken et al. reported Cryptosporidium in 9% (17/190) 
of asymptomatic children aged less than 5 years attending 
six (randomly selected) creches in Jeddah, Saudi Arabia 
(13). Also, Al-Harthi examined the prevalence of intest- 
inal parasites in asymptomatic school children aged 7 to 
12 years from 13 primary schools in Makkah, Saudi 
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Arabia (14). Cryptosporidium was detected in 4% of 589 
stool samples examined and was the predominant patho- 
genic parasite in the population studied. 

Reports also show that the infection rate with Cryptos- 
poridium species among pediatrics in rural and seniiurban 
areas is higher than in urban areas (11, 15-18). Others 
reported no significant difference between urban and rural 
prevalence rates (7). Cryptosporidium-a.ssocisited diarrhea 
occurs mainly in younger children and inversely correlates 
with age, being more prevalent in children aged 1 year 
or less, particularly in rural and suburban regions (5, 6, 
15, 19). 

Although most Arab countries are characterized by 
a hot summer and a mild winter, infection with Cryptos- 
poridium appears to occur at a higher rate of incidence 
during the rainy months that are usually associated with 
the cold season of the year (15, 17). 

Immunocompromised patients 

During the 10-year period of the review, six studies (four 
from North Africa) examined immunocompromised 
patients, including children and adults, for Cryptospor- 
idium infection (Supplemental table 2) with prevalence 
rates ranging from <1 to 82% (mean =41%o). Low 
prevalence rates of Cryptosporidium infection were ob- 
served among non-diarrheic, immunocompromised in- 
dividuals. On the contrary, rates of infection higher than 
40% were reported mainly among immunocompromised 
patients with diarrhea, particularly diarrheic HIV pa- 
tients. This may be due to the advancement of the 
immune-suppression state in the latter patients. Studies 
indicate that gender plays no role in the infection rates of 
the organism among immunocompetent female and male 
children with diarrhea. However, contrary to other 
studies, Sanad and Al-Malki found that Cryptosporidium 
infection was significantly higher in immunocompro- 
mised males than in female patients, and the infection 
was lowest among children under 2 years of age and the 
highest among patients aged 16 to 40 years (20). 

Clinical symptoms 

Common clinical findings associated with Cryptospori- 
dium infection in immunocompetent pediatrics are diar- 
rhea, fever, and vomiting; these symptoms usually resolve 
spontaneously (6, 21). Dehydration and severe symptoms, 
which include persistent diarrhea requiring hospitaliza- 
tion, have also been reported (5, 12). 

Several investigators reported that prolonged disease 
and more severe clinical presentation were associated 
with coinfection of Cryptosporidium with other enteric 
pathogens (8, 11). Others found no significantly different 
clinical symptoms between children infected with Cryp- 
tosporidium alone or in combination with other enteric 
pathogens (6). Ben Abda et al. identified five cryptospor- 
idiosis cases with major histocompatibility complex class 
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II deficiency syndrome among 1 1 Tunisian children with 
pelvic inflammatory disease (PID) (22); chronic diarrhea 
with failure to thrive was observed in all five children. In 
their study using molecular procedures, two cases were 
identified as C. hominis, one as C. meleagridis, one as C. 
parvum, and one as C. hominis/ C. meleagridis coinfection. 

Sources of Cryptosporidium infection 
Foreign housekeepers 

The role of foreign workers from Asia and Africa as a 
source of intestinal parasitic (including Cryptosporidium 
species) infection in Arab countries has not been well 
examined. A study from Saudi Arabia found high rates 
of parasitic infection (including Cryptosporidium species) 
among young children of high-income families, with 
more than 70% of these families having foreign maids 
who are usually in direct contact with such children (14). 
A high intestinal parasite prevalence rate of 46.5% among 
female Asian housekeepers was reported previously from 
Saudi Arabia (23). This may indicate that members of 
families with foreign housekeepers, particularly those 
families with children and immunocompromised indivi- 
duals, are at high risk of infection from parasitic agents 
including Cryptosporidium species. However, more studies 
are needed in Arab countries where foreign housekeepers 
are common (e.g. Gulf and other oil-rich countries) to 
confirm such observation. 

Animals 

Cryptosporidium species are established zoonotic enteric 
pathogens. Contact with animals is an important factor 
in Cryptosporidium infection in children, particularly in 
rural areas. In Ismailia Governorate, Egypt, Shoukry 
et al. reported that the highest Cryptosporidium infection 
rate was among children less than two months, and 
that 88% of infected children were in contact with 
animals compared with 12% of non-infected children 
(12). The authors also found that more than 20% of fecal 
samples examined from goats, cows, buffaloes, and sheep 
were positive for Cryptosporidia. In Iraq, Al-Dabbagh 
et al. reported similar findings (24). In the past decade, 
the organisms have been reported in a wide range of 
domestic animals including camels, rabbits, turkeys, 
and quails with a prevalence rate ranging between 
<1% and 87% (mean = 15%). Also Cryptosporidium 
have been detected in stool samples from stray dogs in 
Egypt (25). Prevalence of Cryptosporidium in animals in 
several Arab countries is shown in Supplemental table 3. 

Contaminated drinking water and vegetables 

Contaminated drinking water and vegetables appear to 
be an important source of Cryptosporidium infections in 
Arab countries. Shoukry et al. detected Cryptosporidium 
in 9%, 4%, 0.0%, and 7% of 75 samples each of tank 



water, canal water, bottled water, and underground water, 
respectively (12). El-Shazly et al. found Cryptosporidium 
in 3% of 840 potable water samples from seven districts 
in Dakahlia Governorate in Egypt (17). Hussein reported 
an outbreak that involved several individuals admitted 
to a local hospital in Nablus, Palestine, with symptoms 
of diarrhea, strong abdominal pain, and periodic vomit- 
ing (26). Stool samples from 30 patients involved in 
the outbreak were positive for Cryptosporidium spp. 
by microscopy and molecular methods. Using PCR- 
restriction fragment length polymorphism (RFLP) tech- 
nique, they identified the parasite as C. parvum. The 
outbreak was traced to a local spring that was found to 
be contaminated with C parvum by microscopy and 
PCR-RFLP. The parasite was not detected in all other 
drinking water sources in the city. 

Al-Binali et al. in southwestern Saudi Arabia examined 
samples of leafy vegetables for intestinal parasites. They 
reported Cryptosporidium species in 8.3% (3/36) of water- 
cress, and 2.8% (1/36) of leeks (27). They also reported that 
washing vegetables with tap water does little to remove 
parasites, including Cryptosporidium species, from vege- 
tables. Unfortunately, the use of untreated sewage for crop 
irrigation is common in Arabic countries, and this may 
contribute to the high prevalence of cryptosporiadae 
reported for the region. 

IVIolecular studies 

In the past decade, few studies reported molecular 
characterization of Cryptosporidium from immunocom- 
petent and immunocompromised patients in the Arab 
world. Al-Brikan et al. examined 35 Cryptosporidium- 
positive fecal samples (by microscopy and ELISA) from 
children in Jeddah, Saudi Arabia, using molecular tech- 
niques (28). Of the samples, Al-Brikan et al. identified 
C. hominis in 13 (37%), C. parvum in 15 (42.9%), C. 
meleagridis in one (2.9%), C. muris in one (2.9'/o), and a 
mixed infection of C. hominis and C. parvum in one 
(2.9%). Essid et al., analyzing the eight Cryptosporidium- 
positive cases of immunocompromised children by PCR- 
RFLP to determine the species, showed that four were C 
hominis, three were C. parvum, and one was C. meleagridis 
(6). 

Applying molecular procedures, PCR-RFLP, and a 
60-kDa glycoprotein (GP60)-based PCR sequencing 
tool, C. hominis and C parvum are typed into subtype 
families designated as la, lb. Id, le, and so forth for C 
hominis, and as Ila, lib, lie, Ild, and so forth for C. 
parvum (29). Subtyping methods are important in in- 
vestigating C. hominis transmission in humans and C 
parvum in humans and animals (30). Recently, Iqbal et al. 
determined the species/genotypes and subtype families 
of 83 Cryptosporidiiini-positive specimens from diarrheic 
Kuwaifi children by PCR-RFLP (31). They identified C. 
parvum in 73.5% (61/83) and C. hominis in 26.5% (22/83). 
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Subtyping of C. parvum isolates showed the predomi- 
nance of subtypes Ila and Ild (80%), followed by lie. 
The majority C. hominis isolates belonged to subtype 
Id (54.5%), followed by la (36.4%) and le. 

Treatment and prevention 

Nitazoxanide is an antiprotozoal drug that works by 
stopping the growth of certain protozoa associated with 
diarrhea and is used to treat diarrhea caused by 
Cryptosporidium or Giardia in children and adults (32). 
In 2002, the US Food and Drug Administration (FDA) 
licensed nitazoxanide for the treatment of cryptospor- 
idiosis in children 1 to 1 1 and, in 2004, for older children 
and adults. Recently, a placebo-controlled study carried 
out in the Nile Delta region of Egypt found that a 3-day 
course of nitazoxanide is effective in treating diarrhea 
and enteritis caused by Cryptosporidium species in non- 
immunodeficient patients 12 years of age or older (33). 
Nitazoxanide is also effective against Giardia intestinalis 
as well as other intestinal parasites. In a clinical setting 
where a definite diagnosis is not feasible or practical, 
nitazoxanide activity may provide a significant advantage 
against Cryptosporidium species, G. intestinalis, and other 
enteric parasites (34). 

Cryptosporidium is resistant to common water treat- 
ment by chlorination. However, a water treatment plant's 
particle removal process removes more than 91% of 
Cryptosporidium oocysts (35). Although the use of treated 
water does not pose a serious health risk to immunocom- 
petent individuals, immunocompromised persons are at 
higher risk of Cryptosporidium infection from using such 
waters, particularly for drinking. Currently available 
methods that completely eliminate Cryptosporidium in 
drinking water include the following: boiling of water, 
passing the water through a filter with pores smaller 
than Cryptosporidium (one micron or smaller), or using 
reverse osmosis filters. These methods can be used by 
individuals or for small groups of patients (e.g. in hospital 
units caring for immunocompromised patients). In addi- 
tion, bottled water that is distilled, reverse osmosis 
treated, or filtered through a one-micron or smaller filter 
is another alternative. 

Conclusion 

Cryptosporidium species, mainly C. parvum, are impor- 
tant causes of diarrhea in immunocompetent and im- 
munocompromised persons, particularly children, in 
Arab countries. Contact with animals and contaminated 
waters are the main modes of transmission of Cryptos- 
poridia. Reports of C. hominis from the region indicate 
that person-to-person transmission is also important. 
Improving water treatment processes, protecting treated 
waters from contamination, and banning the use of 
untreated sewage for crop irrigation are priorities 
that should be addressed seriously in Arab countries. 
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In addition, educational programs that promote perso- 
nal, household, as well as food hygiene should be 
implemented by the health and environmental authorities 
in each Arab country. Cooperation between such coun- 
tries in addressing these issues is of added benefit to the 
public. In the future, more studies employing molecular 
testing methods are needed to provide data on circulating 
species/genospecies and subtypes and their modes of 
transmission in the community. Finally, the availability 
of nitazoxanide for treating Cryptosporidium as well 
as other enteric parasitic infections should encourage 
clinicians in Arab countries requesting Cryptosporidium 
testing, which in turn may lead to an increase in case 
reports. 
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